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PROGRAM DESCRIFTION OF THE MODIFIED THERMAL ANALYZER
DIGITAL COMPUTER PROGRAM

1.0 INTRODUCTION

The Thermal Analyzer Program (TAP)was originally conceived and written

at Lockheed, Sunnyvale. Variations of the original program have been made and

have come into fairly wide use in the aerospace industry. The current modifi-
 cations were made with several thoughts in mind: (1) expand the flexibility
of the program so that it 1s more capable of analyzing complete systems;
(2) provide a nuclear heating capability compatible with SNAP-8 needs:
(3) reconstruct the program in a modular form to facilitate further modifications
should they be desired; (4) minimize the amount of core storage used since the
program is being run on a time shared machine and computer charges depend on the
amount of core used; (5) examine and modify the iteration scheme to increase
running speed of the program; (6) modify the input to make the program easier
to use and to provide the user with additional flexibility so that he, by using
his own ingenuity, could achieve the same results with reduced computer costs
or could expand the amount of information he could extract from any computer
run; (7) modify the input routines to perform more cheéking of data to prevent
costly, erroneous runs., In each case the intended alterations met with at least
some measure of success. In some cases the achieved results exceeded original
expectations by a significant amount. It should be pointed out that much of the
success of the current work was possible because of a good original concept and

organization of the baslc solution technigque.

The current version of the program has been described by D. E. Knittle
(Reference 1). It is the intent of this report to supplement that description
by providing information of interest to the programmer. To do this, the specific
changes made to the original program are described in some detail, The main
computer program and each of its subroutines is described in sufficient detail
to permit the reader to follow the path of the program and understand both the
reason for the existence of section of programming and its relationship to
other sections of the program. A detailed description of the input is also
given here, despite the fact that this 1s well covered in Reference 1., When that

document was being written several final changes were in progress. During the
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programming effort, it was found that some of the intended alterations were

inadvisable, at least at this time. Since the input is not precisely the same
as previously described, it was felt advisable to rewrite this entire section
rather than just giving the exceptions to the existing documentation. This is

done in the description of subroutine FIN,

2.0 THE PROGRAM AND ITS MODIFICATIONS

2.1 AN OVERVIEW OF TAP CONSTRUCTION

The structure of TAP is of the form of a main program which performs
the primary calculations and also acts as a calling program to permit the
activation of a group of subroutines to perform the secondary calculations.
Since the program is intended to solve a diverse range of heat transfer problems
it 1s necessary to provide the capability to perform a variety of calculations
without requiring that each of them be performed on each pass through the
program. This can be achieved by providing sufficient flexibility in the input
data to permit the user to control the calculations to be performed. In the
TAP program the data consists of required data, in the form of thermal conduc-
tance, capacitance and initial temperatures, and of optional data, in the form
of functions and tables which are called by the main program only when required
to solve the problem at hand. The first task in the program is to read in the
required data and then read in the optional data and set appropriate flags for

each option chosen.

TAP uses a finite element approach to solve transient heat transfer
problems., A full explanation of its capabilities and the equations used to
perform the calculations are described in Sections 3 and L4 of Reference 1. A
full description of each routine used in the program and its function are given
later in this report. The program first calculates the time step to be used in
the next iteration. This is calculated to find the maximum time step possible
without causing an instability in the numerical solution of the transient
partial differential heat transfer equations. If a maximum time step is chosen
by the user then this becomes the time step instead of the one calculated,

provided a conflict with the stability criterion does not exist.

If fluid flow calculations have been specified in the data these calcu-~

lations are performed. A check is then made to determine whether results are
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to be printed after the current time step; if it is, a flag is set. Next, the
nuclear heating calculations are called for if specified in the data. The
calculation of nodal temperatures (primary calculations in the program) occur
next. Options are then tested for a specialized fluid flow routine, for a
stea@é;tatecheck, and for a fluid flow temperature averaging scheme. If the
print flag is set a print is obtained; if not, options are tested for use of the
tables, radiation heat transfer calculations, aerodynamic heating calculations,
cathode follower calculations, and latent heat calculations. The end of the

transient is then tested for and if not found the calculations continue,

A1l of the calculations which can be called for data options are
contained within separate subroutines where there are a sufficient number of
calculations to justify a subroutine., -Most of these are specified in the FIN
program by an explicit function number. Function data is passed between sub-
routines through commons (FUN1, FUN2, etc.). Other information is passed as

arguments to the subroutines.

Only one fundamental change in the program has been made and should be
noted: %herever possible, thermal resistances which appeared in the original
have been replaced by conductances for the purpose of internal calculations.
Resistances are denoted by R and conductances by COND in the program nomen-
clature. Parallel resistance paths are added as a sum of reciprocals. These
same paths require only addition when handled as conductances. This change
significantly reduces the number of divisions required to perform the arithmetic

and consequently speeds the run time of the program.
2.2 PROGRAM FLEXIBILITY AND NUCLEAR HEATING

Before alterations were made, the TAP program was most applicable for
simple conductive networks. Through the intelligent use of this network it
was possible to also perform some limited fluid flow calculations. Within
these limitations the program was quite flexible permitting various types of
heat input, radiative and limited convective heat transfer, and the ability
to vary resistors, capacitors, temperatures,or heat inputs as a function of
time, or as functions of each other by using the tab;es. The program also
contained a subroutine to calculate heat input toanode in an arbitrary manner

by the user.
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The arbitrary heat input subroutine was removed since it was determined
to be of limited utility. In its place, a nuclear heating program was constructed
which was consistent with the design of the SNAP-8 reactor. The equations used
in this subroutine are given as 2.7.8 to 2.7.11l. Equation 2.7.8 is the neutron
flux equation for a single group of delayed neutrons and is derived making the
assumptions that the reactor has been at steaiﬁstate:for a sufficient period
of time for all the precursor groups to be at"équiiibrium and that the

reactivity is about 2.5 x 1073 or less, i.e. (B - p + m)z >>| 20 | .

Equation 2.7.9 is a simplified equation for decay heat. Under normal
operating condiﬁions the beta and gamma heating is approximaﬁely 6% of the
total heat generated. This rapidly drops to about 3% if the reactor is shut
down. These facts determine the following method of calculating reactor heating.
If the power is at or near the base power, the beta and gamma heating closely
follows the neutron heating and Equation 2.7.8 is used, If the reactor is shut
down Equation 2.7.9 is used. Between these two extremes a combination of the
two equations is used. ILet us say that the power is dropped to 50% of the base;
the beta-gamma heating should drop off rapidly and the assumption made that
gil the heating is neubron heating is still a valid one. Now consider the
case where the neutron power drops to less than 50% of base power. It is
unlikely that this would happen slowly since the reactor is designed to operate
at a constant base power level, If it should, then the beta-gamma heating
would decay with the power level. Should the power drop rapidly, then the
beta-gamma heating becomes significant when the neutron power approaches the
beta-gamma heating in level. When neutron power is less than .06 of the base
power than the beta-gamma heating is added to 0.94 of the neutron power (that
portion actually supplied by neutrons and prompt gammas at full power; the
remaining .06 is always provided by the decay betas and gammas). This deter-

mines the use of Equation 2.7.10,

Additional flexibility has been given to the program with the implemen-
tation of fluid flow capability. Three functions control the use of this
capability; Functions 10, 11, and 12, Function 10 provides the basic capability.
Heat is transferred by fluid flow from node to node, This capability can be
invoked simply by specifying the nodes between which the fluid is flowing, by

indexing this information to the table specifying the wcp as & function of time,
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and by specifying the thermal capacitance of the node. Function 11 is used to
combine the flow from two or more nodes into a single node and average the
temperature. This would be used at the junetion point of two or more pipes.
Function 12 serves the same purpose as Function 10 except that the fluild is
moved through a series of nodes in each iteration. The intent of Function 12

is to replace Function lO'ﬁhen the use of Function 10 would result in the time
steps being significantly reduced in size (which causes a proportionate increase

in the computer run time).

One other capability exists in the fluid flow functions. It is possible
to leave a fluid node empty until some specified time during the caleulations,
after which the transfer of heat by fluid flow through the node indicated takes

place. This option is also specified inh Function 10,
2.3 MODULARIZING THE PROGRAM

The intent of organizing the program in modular form is to separate
various sections of programming along functional lines, This facilitates future
modification since sections of programming can be removed and replaced intact.
It also makes available one common functional base which may be addressed
from different sections of the program. This minimizes the need for similar

sections of coding to appear at several different locations in the program.

The program as conceived was constructed in good modular forms. It
remained to follow the same practices in placing the new coding into the program.
The original arbitrary heating subroutine was replaced with the nuclear heating
subroutine. Both Function 5, which describes the nuclear heating data, and
Function 13, which describes the feedback coefficients and the dead-band
temperature data, are used in the nuclear heating subroutine, HEATIN.

Functions 10 and 12 are used in subroutine FLOW. Although the calculations
called out by these two functions are somewhat different, their basic purpose

is the same and they were, therefore, placed together. Subroutine TAVG contains
the averaging scheme to mix two or more nodes into a common node and average

the temperature. Function 11 calls out this subroutine. Finally a subroutine
to test for equilibrium of the entire system of nodes during a transient is
separated as subroutine STEADY. 1In.each case, these subroutines could be

modified or replaced with a minimal effect on other portions of the program.
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A more detailed description of each subroutine, including its ties to other

parts of the program, is given later in this report.

One change which was made from the original program was to place the
function information into a series of common blocks called FUN1, FUN2, etc.
This significantly reduced the number of arguments being passed between certain
subroutines and, at the same time, placed all the function information into ‘
readily definable blocks. Since almost all the function information is used
in modular form, the placement of the function information into discrete modules

was also considered advisable.
2.4 CHANGES IN CORE STORAGE

The modifications to the TAP program were undertaken with the intent
that the program would be run on an IBM 360 machine. The 360 series provide
for a multi-programming environment and computer charges are based on the
percentage of core used as well as the actual run time. Because it was possible
to have temperatures of 1000° and more, and because of the possibility of small
time steps with slowly changing temperatures, it is possible to lose significant
accuracy during a transient by using single precision (about 6-1/2 decimal digits
of accuracy). Consequently,all quantities used directly in the temperature
calculations were typed REAI*8, All other floating point variables were left
in single precision. This change increased the core storage. Another increase
occurred when it was found advisable to increase the number of conductors
(resistors) in the program from 700 to 999. The number of conductors is always
larger than the number of nodes (unless the network is a closed circle). In
two dimensions the ratio of conductors to nodes is usually in the range 1.5 to

2.0. In three dimensions this ratio is usually 2.0 to 4.0.

Minimization of core storage is partially achleved by not typing all
real variables REAI*#8. It is further achieved by condensing the integer
variables by typing them INTEGER*2, This permits the use of integer numbers
with values up to 65,535, which is well beyond any values which would be used
in the program. The variables chosen to be typed in this manner are those that
are dimensioned. It is here that the greatest savings are to be made,ﬂ The
other integer variables could also be typed INTEGER¥2, but in this caééié;fe would
also have to be taken that they appeared at the end of COMMON lists to avoid
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the problem of word boundary misalignment in core, Still another method of
core reduction was to critically evaluate all dimensions to eliminate over-
specification and to evaluate all coding to eliminate those sections which
were no longer necessary for the program to achieve its objectives (one such

section was tied to a variable dimensional 5000 which was no .longer necessary).

A final method of core reduction was to overlay the program. ©nly one
overlay can be intelligently done and that is to place the input routines,
which are used only once, in a separate segment. This segment is composed of
subroutines FIN and TABIN, which are input routines as well as READ and READZ2,

which are called only from the input routines.

The result of all these changes was to reduce the size of the program
from just under 200K bytes to less than 150K bytes. It should be mentioned
here that two other core reduction mechanisms are readily available., One
simple one is to reduce the number of nodes from 700 to 600, It is highly
unlikely that more than 600 nodes would be used even if all 999 conductors ére
used. The variables T, C, Q, RI, TR, IRCVAR and RIFIX could all be reduced in
size from 700 to 600. This could also be done with some of the print specifi-
cations. Since most of these variables are typed REAL*8 the savings would be
significant (more than 5K bytes). The change is not being made at this time
because not enough physical cases have been run to show conclusively that this
change is advisable. A second change would be slightly more difficult to make.
The tables are currently dimensional 104 x 30 (12,480) bytes. All 30 tables
are almost never used. Even if they should be used, all 104 positions in all
the 30 tables will certainly not be used. It should be possible to halve the
size of this array, singly dimension it, and set up a table of pointers to
point to the location of the first element of each of the 30 tables.

2.5 MODIFICATION OF THE INPUT AND OUTPUT

Input to the TAP program is through three subroutines, TRCIN, which
reads in the conductor, témperature and capacitor data, FIN, which reads in
the function data, and TABIN, which reads in the tables. A small utility
subroutine with two entry points (READ and READ2) is used by these input

routines. These read data in either of two standard input formats.



The first input change was to the first card read in by the program, the
title card. Columns 1-5 of every run must read "TITIE." The actual run title
begins in Column 7. An option was included to punch the temperature-capacitance
cards at the completion of the transient by placing a "1" in Column 6 of the title
card, It is standard practice to make a stea@%étaterun before performing a
transient analysis. This is because most models which must be solved by computer
analysis are sufficiently complicated that the initial temperature distribution
is not known. The steady-staterun determines these temperatures and punches
these out so that there is no need to keypunch this part of the data before

running the transients.

Subroutine TRCIN originally read in first the resistor data, the
temperature data and the capacitor data, in that order, with a -1 card at the
end of each section used as a flag to proceed to the next section. The first
change was to combine the temperature and capacitance cards to put the infor-
mation on one card. Since both of these quantities are specified according to
node number, then the card containing the node number can be used to specify

both gquantities.

The next change was to permit an easier method of specifying sequential
conductor or node numbers if the value of the conductance or of the temperature
and capacitance is identical., The method chosen to do.this was to flag certain
of the input fields by negative numbers. Thus, in specifying the input for
temperature and capacitance, if a sequentially numbered group of nodes have
the same temperature and capacitance, the placement of a -1 in Columns 9 and 10
of the first card of the sequence will result in the internal numbering of all
nodes up to and including the last of the sequence. This means that only two
cards, the first and last of the sequence, must be specified to define a

seguential series of nodes if the first card is flagged with a -1.

The same type of sequential numbering scheme has been programmed for the
conductor data. In this case not only must the conductors be sequentially
numbered, but the nodes to which they are counnected must also be sequential.
Prior knowledge that this capability exists makes it easy to take advantage of
it when assembling the nodal network. Additional time saving devices are

available in the conductor block by proper placement of negative signs. The
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sequential numbering of conductors and nodes in this block occurs if negative
signs are placed in front of both nodes of the first card in the sequence. If
only one of the nodes is made negative that series of nodes and the conductors
are sequenced. The other node number is kept constant during the sequencing.
This model is representative of several nodes connected to a large heat sink.

A detailed description of the input is given in Section 3.2 of this report.,

Subroutine TRCIN has also been modified to perform some checking of the
input data. If the maximum conductor number exceeds 999 or if the maximum node
number exceeds 700 the run is terminated with an appropriate error message. A
check is made to assure that no conductor is attached to a non-existent node.
If that condition exists a flag is set and the run terminated at the completion
of the input checking., Next each node is checked to see that it is connected
to a conductor; if not, another error message is printed and a flag set, If a
negative capacitance exists for a non-connected node, then it is possible for
the node to remain at a constant temperature throughout the problem. Even though
this condition provides no usefﬁi}information, the condition is permitted.

The next check of the input data is to flag the variable conductors.
Those that are constant require no further calculations during the transient.
Flagging the variable conductors saves computer time by minimizing the calcu-

lations required during the transient.

Input to subroutine FIN, to read in the functlon data, has also been
modified to reduce the number of cards necessary to specify the function infor-

mation desired as well as to perform some input checking.

Functions 2, 8, 10 and 12 have been programmed so that a negative
number in Columns 11-15 will act as a flag for sequential numbering. In each
case the flag card acts as the initial card in the sequence while the card
immediately following it acts as the last in the sequence. A more thorough

description of this capability 1s given in Section 3.3 of this report.

Functions 1-6, 8, and 10-12 are each checked for the amount of input
given to their respective functions. If the input exceeds the amount dimensioned
in the subroutine an error message 1s printed and the run aborted. An error
of this type could do serious damage to the calculation procedure. In each

function where a conductor or node number is referenced, a check is made to be
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certain that it exists. If not, an error message is printed, a flag is set,

and the run is aborted after the remainder of the data has been checked,

Function 9 input has been modified to provide additional flexibility
for the user, Problem constants 1 and 2 in Function 9 previously permitted a
single specification for the time interval (if the user chose to over-ride the
program calculations) and for the print interval. It is now possible to

specify up to 5 intervals during different periods of the transient.

In specifying the print interval 1t is sometimes desirable to examine
output at frequent intervals during a particular stage of the transient. Tt
is now possible to do this and then change to a longer interval to avoid the
excessive printout that would result if the shorter interval were continued
throughout the transient. The time interval is often specified when the user
wishes to examine the changes in temperature resulting from some rapid change
specified in one of the tables (usually heat input). He shortens the time
interval and the print interval to examine the change in detail. Later in the
transient he increases both, permitting the program to calculate its own time

interval and shorten the run time of the progran.

Other checks are also made in subroutine FIN. Function 8 must be
specified or no printed output will result. If Function 8 is omitted, the run
is aborted. Checks are also made to be certain that the print interval has
been specified (constant 1 of Function 9) and that the problem completion time

has been specified (constant 4 of Function 9).

Another change to the input has been the inclusion of a second standard
card reading routine which has been included as entry READ2 in subroutine READ.
This additional capability consists of the ability to read in two fields of
floating point data instead of only one as was previously the case. This
serves the purpose of reducing the number of dats cards necessary to specify

the problen.

The output format for the program has been modified to provide easier
user access to the data. Before modification the method of data printout was
to first print a format of the output with seven pieces of data per line of
line, e.g.:

T(26) T(27) T(106) T(154) a(27) ¢(106) T(154)
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Thereafter, at each print step only the numbers were printed. It was necessary
to remember which number referred to which quantity in the print format,or to
continually refer back to the format. If a large number of quantities was

being printed this procedure became quite cumbersome.

The current print scheme is to print only five pieces of data per line,
with the identification of each guantity printed whenever the number is printed.
The FORTRAN output format has been retained as E15.5 for each number printed.

In addition, if the nuclear heating capability is used, the 8K of the reactor
is also printed at each interval., A sample of the output can be found as

Figure 10,7 of Reference 1.
2.6 MODIFYING TAP DIMENSIONS

The TAP program as described in this report will handle physical problems
which can be modeled with up to 700 nodes and 999 conductors. This capabllity
fits in approximately 150K bytes of an IBM 360 computer. A program of this
size 1s sufficient to give an accurate model of most heat transfer systems
that will be encountered. ©Should additional capacity be desired, the modifications
to the program are falrly easy to accomplish, Also, if a smaller version of
the program were desired so that it could be run on a small computer, it is
possible to reduce the dimensions and also to strip some sections from the

program which are seldom used.

To expand the program, most of the changes are ;n the dimensions, In
the main program the dimensions of quantities T, COND;TﬁR, RI, RC, 12V, I3V, C,
Q, PRUNT and PRINT would have to be changed, ©Since PRINT is equivalenced, its
boundaries would also require change. In COMMON VARY, IRVAR would be changed
as would the dimensioned variables in COMMON FUN8, All varisbles dimensioned
700 would change to the new node maximum while those dimensioned 999 would
change to the new conductor maximum. The DO loops ending at Statements 7 and 8
would require similar changes. TImmediately following Statement No. 291 various
quantities are referenced for arbitrary interpolations. Where 999 is used as
a multiplier it would be replaced by the maximum conductor number; wherefé99 is
used, it would be replaced by the difference of the maximum conductor and\node
numbers. These same changes would be made in the print section immediately
following Statement No. 400. In the other subroutines changes in gimensions

would have to be made as follows:
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SUBROUT INE QUANTITTES

TRCIN IRVAR, I2V, I3V,
COND, T, C, RI, TR

FIN T, I2V,/ FUN8/

TABIN IRVAR

FLOW T, C, @, TR, RI

HEATIN T, Q

TAVG T, C, RT

STEADY T, TSAVE

Also in subroutine TRCIN the DO loop ending at Statement 1 must be changed to
fit the dimensions of I2V, Statéments 50 and 80 must have their dimensions

changed to reflect the nodal and conductor changes.

To obtain a smaller program, say one with 100 nodes and 150 conductors,
all the changes noted to increase the program size would be made. In addition,
it is recommended that subroutines HEATIN, TAVG, LAT, QECK, and QRW be removed
as well as entry FSTFLO in subroutine FLOW. This would also permit elimination
of Functions 3, 5, 6, 11, 12 and 13, Functions 1 and 4 could also be removed.
The number of tables could be reduced to 15 and pointers used to conserve space.
Function 2 would be dimensioned 50; Function 7, 503 Function 8, 100; Function 9,
unchanged; Function 10, 50; and Function 1k, unchanged. Also, each of the
sections in the main program which refer to these functions could be removed,
further reducing program size. An ultimate size of less than 50K bytes is

anticipated. Section 3.1 of this report describes the main program in detail,
2.7 EQUATIONS REFERENCED IN THE REPORT

The following equations are those referenced within this document and
are taken from Reference 1l. Two identifications are given for each equation;
the number as used in this document and the number in the referenced document

(in parentheses).
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3.0 A DESCRIPTION OF EACH SUBPROGRAM

3.1 THE MAIN PROGRAM

The TAP program is constructed in two basic sections: (1) an initiali-
zation sectlon where data is read, variables are initialized, flags are set and
an initial data print is called for; (2) an iteration scheme where the various
functions and tables, used in the problem specifications, are called for according
to flags set in the initialization section and where the primary temperature

calculations are performed.

The program begins by reading in a title card. Since multiple cases
can be run, the program branches to Statement No. 1 at the end of each case.
If & card with "TITLE" in Columns 1-5 is not found, additional cards are
scanned until such a card is found or until all cards are exhausted. In
addition, a flag is examined in Column 6 of the title card. If a "1" is found
there, then at the end of the run the temperatures and capacitances are punched

on cards suitable as input on a succeeding run.

Since the IBM-360 is a non-zeroed machine, it is necessary to assure
that certain critical quantities are set to zero before the calculations
begin. ©OSome other guantities must be initialized to numbers other than zero.

A1l this work is accomplished in the first section of programming.

The next section of the program covers the reading of data and the
arrangement of the flow path for the program, based on the data read. The
arranging is of two different types, both of which are designed to minimize

the problem run time.

Based on the function input from subroutine FIN, assignments of state-
ment numbers within the main program are made. These assignments are dependent
on which of the functions is used. For any of the functions not used, a
section of the main program may be skipped or one of the subroutine calls

need not be made,

Based on the input from subroutine TRCIN, the second type of saving can
be made. In this case, calculations on certain conductors need not be performed

during each iteration. Flags for each conductor are set in entry'RFIX of

subroutine TRCIN, depending on whether the conductor remains fixed in value
during the transient or whether it is wvariable.
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After this work is completed, the temperatures of the zero capacltance
nodes is calculated and the information called for in Function 8 is printed
out. This information is for time zero in the transient. This action completes
the initialization section and serves as the starting point for the iteration

scheme.

The first step in the iteration is to save the time step from the
iteration just completed so it may be available as information if a print is
requested after the iteration is just starting. This occurs at Statement 290.
Following this step there occur a series of calls to subprograms which establish
the conditions of the nodal network in preparation for the primary temperature

calculations.

If tables have been used to describe the relation of one nodal quantity
to another, an interpolation is used within the table to establish the current
relationship. These calculations are performed only if the user specifies
Function 7 in his input., If Function 2 is specified, then the next calculation
is the conductance of those conductors where radiation affects the heat trans-
fer. Similarly, use of Functions 4, 6, 1 and 3 would respectively call for
calculations of convection conductors, aerodynamic heating, cathode follower,
and latent heat information on the specified nodes. The choice of either the
Eckert or the Ramo-Wooldridge method of aerodynamic heating is made in the
Fun%ﬁion 6 input. Use of the cathode follower is to permit the temperature of

onegﬁbdeato be set equal to that of another node after each iteration.

After these calculations, a test for the end of the job is made before
continuing with the iteration. The flag TOME is zero only during the first
iteration and is used to note that iteration, If the problem completion time
has not been exceeded, the iteration continues at Statement 205, If the run
is complete, then the option to punch the temperature-capacitor cards 1s checked
before returning to Statementvl to check for the input of the next cast if one

exists.

A check is made to be certain that the time step is not smaller than
some minimum the user may specify in his input. Then if the current problem
time does not exceed the problem completion time, the next iteration step is

begun.
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The first step in the itqration is to determine the time step (DELTAT).
The time constant (RC) of eachkégde is calculated and the minimum noted. This
serves as the first estimate of DELTAT, Next a check is made to determine if
the user has specified a time step. If he has, it must be smaller than the
minimum time constant (to avoid instability), and the lesser of the two numbers
is used as DELTAT. The RC minimum;géyfalso be multiplied by some fraction to
force an even smaller DELTAT on the iteration, thus, guaranteeing more accurate
calculations for the relaxation procedure used as the solution technique, If
the user does not specify a fraction, 1.0 is used. Finally, the minimum time’
step acceptable to the user is checked. If DELTAT is less than this, an error

message 1s printed followed by abprint of the current output data.

The next calculations called for by the main program are the fluid flow
calculations. These are called only if Function 10 was specified in the input.
A determination is then made to establish whether a print of the output should
occur at the completion of the current iteration. If it should, then the
quantity PRTST is set to zero as the flag which is later tested. The next
calculations are those for nuclear heating. These are performed only if

Functions 5 and 13 were specified in the input.

At this point, the temperature calculations are begun. Egquation 2.7.1
is the primary solution equation for the nodal temperatures. Calculations are
performed only for nodes with a positive capacitance. The zero capacitance

nodes are calculated next after a call to TRA to update the T/R and 1/R sums.

Equation 2.7.3 is the one used in the calculations.

The final calculation performed is the one to pass fluid through a series
of nodes in one time step. The use of Function 12 causes this calculation to
be called, The last calculation step for the current iteration step is to up-

date the problem time.

If the user chooses to check for steadﬁ state or equilibrium by specifying
Function 14, then subroutine STEADY is calledl If the steadﬁestate criterion
is met, then the output data is printed immediately. Subrou%ine TAVG is called
if two or more fluid flow nodes are to be averaged into a single node. Function 11
is used to call this subroutine. Following this the PRTST flag is checked to
see if a print is required on this iteration., If not the next iteration is

begun immediately.
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3.2 SUBROUTINE TRCIN

Subroutine TRCIN performs most of the'secondary manipulations on
temperatures, thermal capcitances and conductances. It is written in three
sections. The first section reads in the conductance, temperature and capacitance
data. The second section separates the fixed from the variable conductances and
calculates the fixed data for permanent storage and later access. The third
section calculates the 1/R and T/R sums used in the calculations for temperature

change on each iteration step in the main program.

COMMON VARY in this subroutine stores information on the capacitor nodes
and conductors which are variable. Most of the integer information is carried
as INTEGER*2 to conserve space within the computer core. Several quantities
are carried as REAL*8. These are used-to permit the calculation of the temper-
ature change with each time step in double precision arithmetic, Those calcu-~
lations are performed in the main program. The subroutine also makes use of
the READ and READZ2 entries to subroutine READ, Each of these entries read in
three fields of integer data. 1In READ this is followed by one E15.5 field
and in READ?2 by two E15.5 fields.

The initial section of the program reads in conductor or resistor data.
The T1 field is used to specify the conductor number and the I2 and I3 fields
are used to specify the two nodes to which each conductor is connected. The
first E field contains the value of the conductance or resistance. The sub-
routine starts by placing a zero in the locations of all the node numbers
appearing in the I2 field to which the conductors are connected. It next checks
to see if the input is to be in the form of conductances or resistances., In
the past, this program accepted only resistances. It now accepts conductances
as well and this choilce can be stipulated in two ways. If the first card in
the conductor block reads COND in Columns 1-4 then the input is assumed to be
in the form of conductances. Otherwise, input 1s assumed to be in the form of
resistances, unless the résistor card is flagged with a C in Column 1. 1In
this case that card only is assumed to be in the form of a conductance. The
maximum conductor number is also determined in this section of programming so
that future DO loops can stop when the index reaches the maximum conductor number.

Except for the first card, all other cards are read (and printed) using the READ

subroutine.
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An option is available in reading the conductor cards which can signifi-
cantly reduce the card input. If the node numbers in both the I2 and I3 fields
are negative, the program will read the next card and internally generate all
the intermediate sequential conductor and node numbers assigning the same
conductance or resistance value, which appears on the last card, to each generated
card, If only the I2 or the I3 field is negative, then the same thing occurs
except the positive I2 or I3 field has its number remain constant during the
internal generation. The last card in the conductor block contains only a -1
in the Il field.

The conductor data are followed immediately by cards containing infor-
mation on the thermal capacitances and the initial temperatures at each of the
nodes, Input is read using the READ2 subroutine and is in the form of three I
fields and two E15.5 fields. The node number is written in the first I field,
the initial temperature is written in the first E field and the thermal capacitance
is written in the second E field, If a -1 is inserted in the I2 field, it is
posgible to generate nodes internally in much the same manner as was done in
the conductor input. After the card containing the -1, in the I2 field, the
last card of a sequence of nodes is input. The subroutine internally generates
the intermediate nodes, giving the same temperature and capacitance as appeared
on the last card, to each. Any initial temperature which is input as zero in
the temperature-capacitor block is given a value of lO-u to facilitate a check :
of conductors and nodes to see that none of them remain unconnected. The last
card in the temperature-capacitor block contains only a -1 in the Il field.

The maximum node number 1s also sought in this section of the programming so
that future DO loops can stop when the index reaches that meximum number,
After completion of the temperature-capacitor reading section, control is

returned to the main program.

Subsequent to this, the check on unconnected conductor and nodes is
performed., Two small DO loops perform this function. The first loop finds
the two nodes to which each resistor is connected and notes whether the
temperature of that node is other than zero. If not an error message is
printed., At the same time it temporarily assigns a value of 1.0 to the l/R
sum (RI) of each node. The second DO loop then checks each node with a non-

zero temperature to ascertain if 3f{%or that node is also non-zero. If RT 1is
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zero, and if the capacitance is non-negative, an error message is printed noting
a node which is not connected to any conductor. The exception of the negative
capacitance node permits the use of a node as a heat sink or as a leading node

in one of the fluld flow routines,

The next section of the subroutine is entry point RFIX which is called
from the main program prior to performing any temperature calculations (immedi-
ately before Statement No. 108). The purpose of this section is to distinguish
between the variable and fixed resistors and also those nodes which are attached
to variable resistors. The 1/R sum must be calculated for each node, to be
used later in calculating temperature changes during each iteration. That portion
of this sum which is from fixed resistors need be calculated only once during
the program. This set of calculations 1s performed and the values stored as
RIFIX for each of the nodes to which a fixed conductance (resistance) is
attached. The initial value of the l/R sum is set equal to the fixed portion
of that sum. The variable portion is added in the TRA section of this sub-
routine, Control is returned to the main program when these operations have

been completed.,

The final section of the subroutine begins at entry point TRA. 1In this
section the quantities RI and TR are calculated for use in the main program.
These calculations are performed twice; once to calculate temperature changes
of all nodes with a positive capacitance and the second time to permit calcu-
lation of the zero capacitance nodes after the temperature of the surrounding
positive capacitance nodes%é?éalready changed. The first entry is from
Statement No. 205 in the mélﬁ program while the second is from 255 of the main
program. The only calculations which must be performed on the second pass are
for TR, The argument IPASS.directs the subroutine to perform only the necessary

calculations,’

If none of the conductors are variable, then it is not necessary to
recalculate the RI's. Under these circumstances, the calculations at State-~
ment Nos 105 and 122 are skipped., If IPASS is 2, then the RI also need not be
calculated since neither the conductance nor RI are modified between the first
and second entries to TRA. Consequently, the calculations at Statement No. 105

are skipped and control is directed to Statement No. 130 where RI is not
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calculated and where only the zero capacitance nodes are considered when the

TR calculations are repeated.

If IPASS is 1, then the RI's are reinitialized to their fixed portion.
The TR's are initialized to zero and then the remaining RI and TR calculations
are performed. The additional RI calculations need only be done on the variable
resistors. The TR's are calculated for all nodes. Control is then returned to

the main program.
3.3 SUBROUTINE FIN

Subroutine FIN is called only once from the main program immediately
after the call to TRCIN., The sole purpose of this subroutine is to read in the
function data which give the program its flexibility. Some of the functions
recently placed in the program will be new to users familiar with older versions
of TAP. Persons wishing to provide additional flexibility for the program can
readily do so by creating new functions and factoring them into the calculation

stream of the main program at the appropriate localions.

There are currently 14 functions in the program. Since the data read
into these functions in FIN is generally used in one or two other locations,
this information has been placed in a series of commons, each tied to its own
function, Data for Function 1 is stored in COMMON FUN1, Function 2 is FUN2,
etec., In addition, COMMON VARY contains data pertaining to those conductors
which are variable. Flagging this information saves recalculation of fthose
conductances which are fixed throughout the calculation of the transient.
Much of the function data contains integer information, most of which is

designated INTEGER¥*2 to conserve space in the computer core.

The FORMAT statements are listed separately at the front of the sub-
routine since some of them are referenced from more than one location. Also,
at the front of the subroutine several quantities are initialized in anticipation
of use in the input of various functions. Data are read in by making use of
the READ and READ2 subroutines. The data format is three integer fields ending
in Columns 5, 10 and 15 and one E15.5 field in READ and two E15.5 fields in
READZ2,
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The active portion of the subroutine begins by reading a card and checking
the first integer field for a function number. If a zero or negative number is
found, control is returned to the main program. At the end of the data for each
funetion a ~1 in the first integer field signifies the end of that function.
Control is then transferred to the initial read statement and the next function
number is sought. Again, if a zero or negative value is found in the first
integer field, control is returned to the main program. If a zero or -1 card
immediately follows the -1 card at the end of the temperature~-capacitor data,
the program prints out an appropriate error message since Functions 8 and 9
must be used for each problem. If two successive -1 cards or a -1 card followed
by a zero card is found within the function blocks, then control is returned

to the main program. A flow chart of this subroutine appears in Appendix A,

Function 1 accepts data on cathode follower nodes, The first card of
this data contains a 1 in the I1 field, The I2 field contains the number of
the following node and the I3 field contains the number of the leading node on
this and every succeeding card, A total of 25 cathode follower nodes are
permitted. Calculations for this function begin at Statement 321 of the main
program. In these calculations, the temperature of the following node is set
equal to that of the leading node before each time step in the transient. The
last card in Function 1, as in all other functions, contains only a -1 in the
I1 field,

Function 2 accepts data on as many as 250 conductors for which radiation
is the mode of heat transfer. The first card contains a 2 in the T1 field,
The I3 field contains the conductor number and the first E field contains the
value of K as defined on page 20 of Reference 1. The value of the radiation
conductor is calculated at the start of each time increment starting at
Statement No. 301 of the main program. An additional option is avallable in
Function 2, TIf a minus is inserted before the conductor number 1n the I3 field,
the subroutine will read the next card and assign the K value of that card to
all conductor numbers beginning with the negative number and ending with the
number on the card just read. Thus, 1f —h9 and 59 appear in the I3 field of two
successive cards, Conductors 49 through 59 W111 be assigned the K value that
appears on the 59 card., Then if a thermal model contains a number of radiation

conductors with the same K value, and the user numbers them consecutively, all
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but the first and last cards may be omitted. The last card must contain only
a =1 in the Il field.

Function 3 accepts up to 50 pieces of data on those nodes for which
latent heat data must be considered. All data are input in sets of two cards.
The first card contains a 3 in the Il field. This is also the first card of the
first set of two., The I3 field of the first card contains the node for which
the latent heat information 1s pertinent. The first E field contains the
temperature at which the solid-liquld phase change occurs and the second E field
contains the total amount of heat required for the node to undergo this change
of phase. The second card of the set contains information only in the two E
fields. This is the temperature and total heat required by the node to undergo
the liquid-vapor phase change. The latéent heat information is calculated before
each time increment starting at Statement No. 326 of the main program. The last

card contains only a -1 in the I1 field.

Function 4 accepts as many as 100 pieces of data on those conductors
for which variable convection is the mode of heat transfer (constant convection
conductors are input in subroutine TRCIN). The first card contains a 4 in the
T1 field. This and all- succeeding cards contain the conductor number in the Ij
field, the exponent used in Equation 5-4 of Reference 1 is contained in the
first E field and the area given in that equation is contained in the second
E field, The variable convection conductors are calculated at the start of
each time increment, beginning with Statement No. 306 of the main program., The

last card contains only a -1 in the I1 field.

Function 5 accepts data for the reactor heating model currently in the
program, The first card contains a 5 in the Il field and the value of Qo as
used in Equations 6-12 and 6-13 of Reference 1, is contained in the first E
field. As many as 100 succeeding cards contain each node number in the I3
field and the power factor of the node (as described in the above-mentioned
equations) in the first E field. The card following this data contains, in
the I1 field, the number of the table where reactivity change vs time is given.
The heat input from these nodes is calculated prior to the temperature calcu-
lations of each time increment at Statement Wo. 235 of the main program. The

last card contains only a -1 in the T1 field. It should also be noted that

Function 13 must be used whenever Function 5 is used.
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Function 6 accepts data on the aerodynamic heating functions. The first
card contains a 6 in the Tl field, a +1 in the I2 field if the Ramo-Wooldridge
method is to be used (blank or zero if the Eckert method is used), a +1 in the
I2 field if B is not 1.0 as described on page U6Ff of Reference 1. Successive
information appears on sets of two cards;up to 25 sets may be provided. The
first card contains the node number in the I3 field and the value of K from
Equation 6-16 of Reference 1 is contained in the first E field. The second
card is used only if B is not 1,0, The I3 field contains a +1 if the node is
a top surface (a zero or blank is used if it is a bottom surface), and the
first E field contains the value of o, the local wing subtended angle., The
last card contains only a -1 in the Il field, The calculations for aerodynamic
heating begin at Statement No, 311 of the main program. It should be noted
that these calculations require input in several tables and also some input into

Function 9.

Function 7 accepts up to 250 pieces of data which identify the change
of one variable as a function of another. The first card contains only a 7
in the I1 field. Succeeding cards contain the dependency information. The Il
field contains the number of the dependent variable, the I2 field contains the
number of the independent variable, the I3 field contains the table number in
which the dependency is specified and the first E field contains the multiplying
factor of the resultant if it is different than 1.0. The last card contains
only a =1 in the Tl field., The arbitrary function interpolations are calculated
at the start of each time increment beginning at Statement No. 291 of the main

program.

Function 8 accepts as many as 700 pieces of data on the print specifi-
cations. It is possible to print out the value of any conductor or resistor
number or the temperature, thermal capacitance or heat input to any node. The
first card contains an 8 in the I1 field. The I2 field contains the class of
variable to be printed and the I3 field gives the number of the variable to be
printed. An option is also included whereby only the first and last cards of a
consecutive sequence of one output variable need be included. The variable
‘number on the first card is the negative of its trwvalue. Thus, for Variable
giass 2 (temperature), to print nodes 1 through 100 only two cards need be
included; a 2 in the I2 field of both cards and -1 in the first card and 100
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in the second in the I3 field, The last card contains only a -1 in the I1 field.

The print specifications are used beginning at Statement 400 in the main program.

Funetion 9 accepts data on a series of problem copstants used at various
locations in the main program. The first card containg:gﬁly a 9 in the I1 field.
The problem constant number is given in the I3 field and information pertaining
to the problem constant is:given in the two E fields. Constant 1 establishes
the print interval and is used starting at Statement No. 231 in the main program.
The print interval may be altered during the course of the transient. If the
same print interval is desired during the transient, the 1 in Column 15 is
used with the print interval specified in the first E field. If the print
interval 1s to be varied, the time at which the print interval is to change is
entered in the second E field, Up to 5 different print intervals may be
specified in this way. Constant 2 is used to over-ride the time interval.

A 2 is written in Column 15 and the two E fields are specified in the same
manner as froblem Constant 1. If only one over-ride time interval is to be
used throﬁghout the transient, then only one card is used with 2 2 in Column 15
and the interval given in the first E field. Problem Constant 2 is used,
starting at Statement No. 22§ in the main program. Program Constant 3, given

in the first E field, is a multiplying factor with a magnitude less than 1.0.
The factor modifies the time interval between iterations, to guarantee more
precise answers within the stability criterion, It is used in Statement 227

of the main program. Problem Constant 4 is the problem completion time and is
used in Statement No. 335 of the main program. Problem Constants 5-8 are used
in the aerodynamic heating calculations previously described. Problem Constant 9
is the initilal time of the transient and is used in Statement 200 of the main
program. Problem Constant 10 is the minimum allowed time interval. It is used
in Statement 228 of the main program. The last card in Function 9 contains
only a -1 in the I1 field.

Function 10 accepts data on heat transfer by incompressible fluid flow.
The first of as many as 250 cards contains only a 10 in the I1 field., The input
on the following cards contains the table number5where wcp vs time is found, in
the Il field, the following node number in the I2 field, the leading node number
in the I3 field, the wcp of the following node in the first E field, and the

time at which the following node becomes filled with the incompressible fluid
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in the second E field., Flow in Function 10 and other functions is from the
leading to the following node., The time at which a node becomes full is
usually zero and can be left blank if desired. The existence of this quantity
permits more accurate solution of the problem where fluid is flowing into a
previously empty region. If this number is other than zero the thermal
capacitance of that node should be specified in the capacitance input block as
a O or -1 node. The last card in the Function 10 input contains only a -1 in
that Il field. The option to use only the first and last cards of a sequence
of nodes 1s also available in Function 10. A minus is placed before the leading
node (the I3 field) of the first card. The program automatically seguences
both the leading and following nodes, keeping all other information constant,
through the node numbers found on the card representing the end of the sequence.

Function 10 is used in the main program,at Sﬁ%ﬁément No. 230.

Function 11 accepts up to 50 data cards which permit the merging of two
or more fluid streams into one node, The first card contains only 11 in the
I1 field. Succeeding cards contain the data. In the I2 field is the node
number into which the fluid is flowing. The I3 field contains the node number
of one of the nodes being mixed and the Il field contains the table in which
the wcp of that node is described as a function of time. The last card contains
only a -1 in the I1 field. Function 11 is used immediately following the
completion of all calculations of temperature change during each time increment

at Statement No. 280 in the main program.

Function 12 accepts data which permits the passage of fluid through a
series of nodes in one time interval. The input in Columns 1-15 is identical
to that of Function 10. The first E field contains the solid portion of the
node capacitance, TFunction 12 also permits entry of the first and last cards
of a sequence by inserting a minus before the leading node of the first card.
The leading and lagging nodes are sequenced and all other information is kept
constant in a manner identical to the use of Function 10. The last card in
Function 12 contains only a -1 in the Il field, Function 12 is used at

Statement No. 266 in the main program.

Function 13 accepts data on the reactivity temperature feedback to the

reactor calculations as well as data on the use of a deadband controller. The
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first card contains only 13 in the I1 field. The next three cards contain the
node number and the reactivity coefficient of the three nodes which it has been
assumed adequately describe the temperature feedback to the reactor. If no
deadband controller is used, the next card contains a -1 in the I1 field. If a
deadband controller 1s used, the next card contains the node to which the dead-
band characteristics are applied in the I3 field, the reactivity insertion
increment is given in the second E field, The second deadband card contains
the temperature to which the critical node is being compared in the first E
field and the deadband around this temperature which must be exceeded before

a reactivity insertion is applied in the second E field, These quantities are
used in the reactor heating calculations (Function 5). The last card contains
a -1 in the I1 field.

Function 14 accepts data to permit the early completion of a run if
steady state has been reached. The first card contains 14 in the Il field, and
the relative error per time increment which is considered sufficient to deter-
mine steady state in the first E field. It is also possible that a series of
steadygﬁfgée conditions could exist. For each succeeding steady-state condition,
a card is added, The Il field contains the card number (up to 20 may be used)
and the first E field contalns the time to which the problem will automatically

be advanced., The last card contains -1 in the I1 field.
3.h4 SUBROUTINE TABIN

Subroutine TABIN is called from the main program immediately following
the call to FIN. Its purpose is to read in the data presented to the program
in the form of tables. The subroutine calls the READZ2 subroutine to read the data
as presented in three I fields.and two E fields. COMMON VARY is used to collect
and pass data on those conductors which vary during the course of a transient.
COMMON FUN7 serves the same purpose since the only way conductors could be
varied- in the form of tables is through the use of Function 7 and its COMMON FUNY.

The subroutine begins by reading a card containing the table number in
the I1 field, the class of independent variable in the I2 field, the class of
dependent variable in the I3 field, the value of the independent variable in
the first E field and the value of the dependent variable in the second E field.

A check is made to see if the dependent variable is Type 1. If this is true,
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then the appropriate conductor number is obtained from the data in FUN7 and is

stored in VARY so that only calculations on these variable conductors need be

performed.

Successive cards are now read and these contain the independent variable
in the first E field and the dependent variable in the second E field, These
data (up to a total of 52 cards including the first) are read in until the
graph of the function has been described in tabular form. All tabular data are
later searched by a linear interpolation routine when used in the program
calculations, The last card at the end of each table must contain only a -1 in
the T1 field,

3.5 SUBRQOUTINE READ

Subroutine READ is used for the éurposgﬁof reading and then printing
the input to the program which has a format oé%ﬁiree—l fields and one E field.
After this information is read, it is passed baék to the calling program
through the arguments in the calling sequence. This subroutine is called from
the conductor, resistor input section of TRCIN and from many locations in FIN.
The first column could contain the letter C 1f used in subroutine TRCIN, to
designate that the value in the E field is a conductance rather than a resistance.
If a C is found, then KFLAG is set to zero and passed back tTto TRCIN through
COMMON FLAG for appropriate notation. KFLAG is not used in subroutine FIN.
The format contains 50 columns of Hollerith information to permit the user to

include comments on his input cards.

Entry READZ is used for the purpose of reading and then printing the
input to the program which has a format of three I fields and two E fields.
The subroutine is called from the temperature-capacitor input section of TRCIN,
from several locations in FIN and from TABIN, The information 1s read from
cards and passed back to the calling program through the arguments in the
calling sequence, The format contains 35 columns of Hollerith information to

permit the user to include comments on his input data.
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3.6 SUBROUTINE FLOW

Subroutine flow is divided into two parts. The first part is called
from the main program at Statement No. 229, Its purpose is to account for the
transport of heat by incompressible fluid flow when the heat transfer coefficient
to the adjacent walls is well known. Input to this section of the subroutine
is through Function 10 and any tables specified in that function. This infor-
mation is carried in COMMON FUN1O. The second part of the subroutine begins
at entry FSTFLO and is called from Statement No. 265 in the main program. Its
purpose 1s the same as for the first part of the subroutine, except that the ‘
fluid moves through several nodes in one time increment (DELTAT). Input to
this section of the subroutine is through Function 12 and any tables specified

in that function. This information is carried in COMMON FUN1Z2,

The first part of the subroutine begins by initializing error flags.
Then the current wcp from each of the tables referenced in Function 10 is
calculated., This calculation is performed by a linear interpolation using
function subprogram ENTERP., The ratio of the minimum node capacitance to the
current wcp value is calculated for each table referenced. The units of this
ratio are time. If this ratio is less than DELTAT, then DELTAT is adjusted
to be equal to the ratio. A discussion of this point can be found in Section 6.4
of Reference 1. At this point, the calculations are performed to find the
temperature of the following nodes indicated in the Function 10 input. If a
Type II (positive capacitance) node is indicated, the temperature of the fluid
remaining in the node and the fluid entering are averaged. This temperature
is then used in the temperature calculations in the main program as indicated
in Equation 2.7.4., TIf the node is a Type I (gzero capacitance) node, the
following node is set equal to the leading node. Calculations are then later

performed according to Equation 2.7.5.

Another test made in this section is whether or not to perform the flow
calculations on any given node. The Function 10 input permits calculations
on any fluid node to be omitted until a specified time in the transient.
This permits simulation of the condition where a fluid node is initially empty
and has fluid introduced during the course of the transient. Such a case would
exist for the initial transient when a boiler is first filled or other similar

circumstance.
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A stability check is also made in this subroutine following Statement
No. 30. If both the RC product of any of the flow nodes is less than the
minimum RC product for the remainder of the nodal network and DELTAT is less
than 1 for two successive iteration, this is considered a fatal error and the
calculations are terminated. If the stated conditions were present, then on
each successive iteration the DELTAT would decrease until it causes an under-
flow condition in the computer core. This condition can only exist on a Type I

node,

The second part of the subroutine begins at ENTRY FSTFLO, On the first
pass through the subroutine, the temperature of each node from the previous
time step (TEMP) is initialized., In succeeding passes, the program initializes
error flags unique to this section of programming. First, the ch referenced
in each of the the tables named in Function 12, is calculated. Then the capaci-
tance of each of the following nodes is calculated according to Equation 2.7.2.
The stability of each node is checked according to the same criteria used in
the first part of the subroutine. If the node passes the stability criteria,

the temperature of each node is calculated according to Equation 2.7.7.
3.7 SUBROUTINE ENTERP

Function subprogram ENTERP is a linear interpolation routine and is called
from a number of locations throughout the program. It searches the data within
the table being referenced and performs the requested interpolation. The
table number is available through common TABNO. The arguments to the subprogram
are the argument (ARG) and the value of the first number in the table of interest
(TAB).

A check is filrst made to see if the table has a constant dependent
variable, This 1s denoted by a non-zero value in the second position of .the
table. In this case the constant 1s passed back to the calling routine as the

result of the function calculations.

If this is not true, the subroutine proceeds to a search of the table
to calculate the result, If the independent variable in the table increases
with higher table locations (as will be true for most cases), then the search
proceeds until the independent variable exceeds or is equal to the argument.

If 1t is equal, then the corresponding dependent variable is passed back as
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the result. Otherwise, a linear interpolation, between the points that bracket

the argument, is performed.

If the table describes a periodic function, then the first location in
the table gives the period. Periodicity is tested and appropriate modifications

to the argument made if the test is positive.

If at any time it is found that the argument is less than the lowest
independent variable in the table or greater than the highest independent
variable, then an error message is printed out giving the argument and the
table number in which the search was taking place. This is a fatal error

condition and results in an immediate termination of the job.
3.8 SUBROUTINE TAVG

Subroutine TAVG is called from Statement No. 281 in the main program.
It is used to average the temperature of two or more fluid nodes which Join to
form a common node. Input to this subroutine is through Function 11 with the
data being stored in COMMON FUNLl., The subroutine first sets the sum of the
capacitances (CSUM) and the sum of the capacitance-temperature product (CTSUM)

to zero., An error flag is initialized before the calculations proceed.

The calculations are performed according to Equation 2.7.6. To perform
the calculations the inlet node (INNODE) and the joining node (NUNODE) are
noted along with any table which carries data of wcp vs time., When NUNODE is
the same as that of the previous pass through the DO loop, then CSUM and CTSUM
are increased by the appropriate amount. TIf NUNODE is changed from the previous
pass, then the capacitance and temperature of node NUNODE are calculated. A
stability check is made, as in subroutine FLOW, and if the problem is unstable
an error message is printed and the solution process stopped. It is necessary
for the stability check to fail on two successive passes through the subroutine
before the error is noted. After these calculations have been completed, the
next joining node is noted and further calculations performed until all the
Function 11 data have been analyzed. Control is then passed back to the main

program.
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3.9 SUBROUTINE HEATIN

Subroutine HEATIN is called from the main program at Statement No. 235.

J Its purpose is to perform nuclear heating calculations using a simplified

regetivity model as the driving force for thermal calculations. Input for this
subroutine is through Functions 5 and 13. Thiswgéhlear heating model has been
added to satisfy the requirements of SNAP-8 thermal transient analysis. It
would be possible to replace this heating model simply by replacing this sub-
routine and the arguments to it, by altering Functions' 5 and 13 inputs, and by
altering COMMON FUN5 and FUN13 in the main program, in subroutine FIN .and in ‘

this subroutine.

The subroutine starts by calculating the predetermined change in
reactivity if any exists. This is done by interrogating the table specified in

the Function 5 input, which gives reactivity input as a function of time.

A check is next made to determine whether a deadband controller is used
as part of the analytical model. If it is not, control is passed to Statement
No. 10 in this subroutine. Otherwise, a check is made to see if the temperature
of the node specified as NDEADB exceeds the base deadband control temperature
by more than the allowable deadband limit. If it does not, the heating calcu-
lations are continued. If the temperature of node NDEADB is outside the dead-
band limits, a check is made to determine if the reactivity change permitted by
the deadband controller has been made within a time period specified in the
input to Function 13 as DBWAIT. If not the proper reactivity adjustment is
made. If the last controller change has been too recent the heating calculations

continue at Statement No, 10.

At Statement No. 10, the first calculation is the total reactivity change
driving the reactor. This is the sum of temperature reactivity feedbacks from
three lumped nodes, the deadband contribution and the predetermined reactivity
change. The calculations proceed according to Equation 2.7.8. (This assumes
that the reactor is nearly‘critical during the calculations.) Should the
reactor be in a prompt critical state, the calculations are stopped by branching
to Statement No. 910.

The exponents used in the referenced equation are next calculated and

tests are made on these numbers to avoid overflows in the computer. A DO loop
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is then entered to calculate the heat generated in each node. It is assumed
that the basic reactor operation 1s at some power level Qo. The beta and gamma
heating is some fraction of this power level. It is further assumed that beta
and gamma heating need be considered only in the case of a shutdown and that if
a shutdown occurs it will start at time zero, Thus, if the power is any
fraction greater than 6% of its original level, then 6% of the power is assumed
to be from the decaying beta and gamms heat. When calculations have been
completed for each of the nodes specified in the Function 5 input, control is

returned to the main program.
3.10  SUBROUTINE STEADY

Subroutine STEADY is controlled by input from Function 14 and is called
following Statement No. 270 in the main program. Its purpose is to terminate
the execution of the program once equilibrium conditions occur without waiting
until the problem completion time specified in Function 9 has been reached.
Use of this subroutine by choosing Function 1k can.present a significant monetary
saving since it is often quite difficult to accurately estimate the time at
which equilibrium is reached. An overestimation results in the use of excess
computer time, An underestimation means wasted time because the computer run

must be resubmitted.

The error criterion on which the assumption of equilibrium is based is
fractional change in temperature per unit of time. The temperature of each
node (T), the maximum number of nodes (MAXNO), and the time increment (DELTAT)
are passed to the subroutine as arguments. The argument KEY is determined in
the subroutine and passed back to the main program. If its value is 1, then

equilibrium has been attained.

The subroutine first sets KEY to 1 assuming that equilibrium will have
been reached. It then compares the fractional change in the temperature of
each node in the latest time step (DELTA) with the error criterion given. If
DELTA is greater than theberror criterion (ERROR) then KEY is set to zero and
the search ended for this time step. If DELTA is less than ERROR, the search
continues through the remaining nodes., Before control is returned to the main
program, the temperature of each node is saved as TSAVE to be used on the next

iteration to determine the fractional temperature change in this subroutine.
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3.11  SUBROUTINE LAT

Subroutine LAT is called from Statement No. 327 in the main program.
Its purpose is to correctly follow the temperature of any node which could go
through a phase change. Temperatures of these nodes are calculated normally
in the program and then modified as necessary in this subroutine. The modifi-
cation occurs when a node crosses a phase change temperature boundary. When
this happens the subroutine keeps the nodal temperature at the phase change
temperature until sufficient heat has been added to or taken from the node for
it to again change temperature in its new phase. It should be noted that any ‘
node which can undergo a phase change must also have its thermal capacitance
specified as a function of temperature in Function 7. Input to the latent heat

subioutinefis through Function 3 in subroutine FIN.

The subroutine is entered separately for each node which could undergo
a phase change. The determination is first made whether the node is currently
undergoing a phase transition (QDEI=0). If not and if neither the current
temperature nor the temperature during the previous iteration was at a phase
transition temperature, then the current temperature is noted as TPREV so that
a similar comparison with the previous temperature can be made on the next
iteration. If a phase change is taklng place, the change in heat to the node
during the current iteration period is noted. If it is sufficient to change the
node from the transition temperature then QDEL is reset to zero and the node is
again permitted to undergo ﬁemperature changes. During each pass through the
subroutine both the upper and lower phase transition temperatures are checked
(PHTL and PHT2, respectively).

3.12  SUBROUTINE QECK

Function subprogram QECK is called immediately following Statement No., 311
in the main program. Input for this subroutine is through Function 6 and
through some of the problem constants specified in Function 9. The purpose of
the subroutine is to calcuiate aerodynamic heating using the Eckert equation
(Equation 2.7.13).

Most of the information used in the equation is contained in tables as
noted in the description of subroutine FIN, The flow path through the sub-

routine is simply one of interpolating in each table using function ENTERP, If

\
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errors are encountered in any of the interpolations, an error flag is set and
returned to the main program. At that point the work on the problem is stopped
and data for another problem would be read in if it exists., After the proper
values have been interpolated from each of the tables they are used to calcu-
late QECK and this value is returned to the main program as heat input for the

node specified.
3.13  SUBROUTINE QRW

Function subprogram QRW is called immediately following Statement No. 316
in the main program. It is used to calculate aerodynamic heating using the
Ramo-Wooldridge equation (Equation 2.7.12). Input is through Functions 6 and 9,

Jjust as for function QECK.

Calculations proceed in the same manner as for function QECK. The infor-
mation used in the Ramo-Wooldridge equation is obtained by interpolating in the
tables described in subroutine FIN. If errors are encountered calculations on
the problem are stopped. The appropriate values are then used to calculate
QRW and this value is returned to the main program as heat input for the node

specified.
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4,0 FORTRAN VARTABLES AND THEIR USE IN THE PROGRAM

Variable Description

C Thermal capacitance of the subscripted node

Q Heat input to the subscripted node

T Temperature of the subscripted node

Cco Problem constants specified in Function 9 of the input data

D Floating point data in the first floating point field of the input
cards (Col. 16-30)

11, 12, Integer data in the first, second, or third integer field of the

and I3 input cards (Col. 1-5, 6-10, and 11-15, respectively)

XC Node specified as a cathode follower in Function 1 ..

KR Conductor specified as having radiant heat transfer in Function 2

Q0 The base heat output of the reactor, used in the nuclear heating
routine

RC The RC product of the subscripted node; calculated as the capacitance
of the node divided by the sum of the conductances surrounding the
node

RT The sum of the conductances of the subscripted node

TR The temperature of the subscripted node divided by the sum of the
conductances

ADD Multiplier of the print frequency which determines the time at
which output is printed

AFR The value of K in Equation 6-16 of Reference 1

ARG The independent variable passed to function ENTERP as the argument

EKR The coefficient Kij used 1in radiant heating calculations as described

in B ti - L(K.,. =
in Equation 5-5 of Reference 1 ( 13 o~ FAij)

FlL A flag set to 1 if function 14 is to be used
IK® A counter to determine the number of pieces of data used in Function 7
IPH The node for which latent heat calculations are to be performed
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Variable

IK

T2V
I3V
KEY

MIX

QCH
RHO

TAB

WCP

ACON

COND

CsuM
DBGO

DELK

JAER
IAF2

TA¥F3

Description

A counter to determine the number of pieces of information to be
printed for each printout

Node number in the I2 field to which a conductor is attached
Node number in the I3 field to which a conductor is attached
A flag set to 1 if steady state has been successfully achieved

A counter to determine the number of pieces of data used in
Function 12

The following node as designated in the fluid flow input

The total heat accumulated in a node which is undergoing phase
transition

The temperature coefficient of reactivity of the node specified
in the I3 field in Function 13

The table passed to function ENTERP for evaluation

The time at which the program A€ currently being used is no longer
used

The card field on the first data card of a run which must read
"TITIIE"

The WCp of the subscripted table
The area for the subscripted convective heating conductor

The conductance of the subscripted conductor

The sum of the fluild capacitances flowing into a single node;
used in subroutine TAVG

The time at which the dead-band reactivity controller is again
permitted to be moved

The éﬁ:cﬁ‘the reactor in the nuclear heating calculations

The node for which the aerodynamic heating calculations are being
performed

The node or conductor number of the dependent variable in the
arbltrary function input

The node or conductor number of the independent variable in the
arbitrary function input
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Variable

IAFY

ICON

IERR

IFUN

TPHK

IPRL

IPR2
IRAD
IRBL

ITAB

KDEP

KIND

LNEW

NODe,

PHHL

PHTL

PHHZ2

PHT2

PRNT

Degcription

The table number in which the arbitrary function is described

The conductor number described in the free convection function
input

An error indicator set to 1 if either subroutine FLOW or TAVG have
a mathematical instability

An indicator set equal to various function numbers to indicate an
error in that function

A counter to indicate the number of pieces of data used in Function 3

Specification of the type of output desired for the node or conductor
number on that input card

The node or conductor number for which output 1s desired
A counter to indicate the ﬁumber of pieces of data used in Function 2
A counter to indlcate the number of pieces of data used in Function 5

The table number and classes of variables described in the table
input

The dependent variable type referenced when referencing a particular
table

The independent variable type referenced when referencing a particular
table

The node number of the leading node as used in subroutine FLOW
The following node number in the input for the fast fluid flow

The node number referenced in the nuclear heating calculations
(subroutine HEATIN)

The amount of heat necessary for the referenced node to pass through
the solid-liquid transformation

The temperature at which the solid-ligquid phase transformation
occurs for the referenced node

The amount of heat necessary for the referenced node to pass through
the liquid-vapor transformation

The temperature at which the liquid-vapor phase transformation
occurs for the referenced node ’

The time at which the next output is to be printed
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Variable

QDEL

TEMP

TIME

TNEW

TOME

TZME

ALLOC

CFMIN

CTSUM

DBTOT

DEIXC

DELTA

ERROR

EXCON

FIAF

TAERK

TAERL

Description

The amount of heat stored or lost by the referenced ncde during
the time it was undergoing a phase change

The temperature saved from the last iteration in the fast fluid
flow calculations

The problem time (used in subroutine LAT)

The temperature of the leading node as used in the fluid flow
calculations

A flag set to zero at the start of the problem to denote the first
iteration; on the first iteration some calculations are performed
for utilizing values and not repeated, other calculations are
skipped because these initializations have not yet taken place;
after the initial iteration TOME is set to 1.

The problem time

The local wing subtended angle in the aerodynamic heating
calculations

The minimum fluild capacitance of each table referenced in the
Function 10 input

The sum of the capacitances times the temperatures of the fluid
nodes being merged in subroutine TAVG

The total dead-band controller contribution to the reactivity
change, as used in the nuclear heating calculations

The predetermined reactivity change in the nuclear heating
calculations as determined from the referenced table

The calculations of the percentage temperature change per unit
time in comparing whether steady state has been attained

The percent rate of change per unit time of the most rapidly
changing node which is used as the criterion of attaining a
steady state condition

Exponential constant used in the convection conductor calculations
and input in Function k4

A multiplying factor used in any of the arbitrary function designa-
tions

A counter to indicate the number of pieces of data in Function 6
A number in the 12 field of the aerodynamic heating input; if

zero, the Ramo-Wooldridge calculations are performed - 1f one,
the Eckert method is used
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Variable

TAER?

TCALC

ICATH
ICONK

IDELK

INNOD

IPASS

IRVAR

ISTEP

IZAER

JTABL

KEY10,
KEY11l, and
KEY12
KLEAD
LLEAD
MAXNO
MINND

NBASE

Description

A number in the I3 field of the aerodynamic heating input; if
zero, then @is a function of -~ if one, the functional
relationship does not exist

A flag set in the main program to determine if temperature
calculations are performed on all nodes during that iteration
or only on some deslgnated nodes

A counter to indicate the number of pieces of data in Function 1

A counter to indicate the number of pieces of data in Function L4

Table number in which is described the predetermined reactivity
change versus time in the nuclear heating calculations

The node number of one of the fluid flow nodes being averaged in
a common node (used in subroutine TAVG)

A flag to denote the first or second pass through Section TRA of
subroutine TRCIN during the iteration scheme

An indicator which is set equal to the conductor number if the
conductor 1s variable; it permits recalculation of only variable
conductors during the transient

A counter which helps point to the data on frequency of printed
output

A flag to determine if the aerodynamic heating is for a top surface
(=0) or a bottom surface (=1)

The table number in which is stored the wcp versus time Information

for the fluid flow node used in the averaging scheme of subroutine
TAVG

Flags set in the use of Functions 10, 11, or 12 which denote an
instability in the use of the data from one of those functions
The leading node in the fluid flow calculations

The leading node in the fast fluid flow calculations

The maximum node number used in the problem

The node which has the minimum RC product

A node which is used as a reference for the temperature feedback
in the nuclear heating calculations

- 40 -



Variable Description

NODEQ, One of the node numbers input for which nuclear heating calculations
are performed

NSTEP A counter which helps point to the data on time steps chosen for
‘ the iteration scheme

WUNOD The node number into which two or more fluid nodes are being
combined and their temperatures averaged

PRINT Space reserved in the main program to permit printing of any
temperature, capacitance, conductance, or heat flow, or a node or
conductor by addressing the proper location within PRINT

PRTST A cumulative counter used to test when in the transient printed
output is requested‘

PRUNT The area in which the numbers to be printed are stored before the
print operation occurs

QBETA The beta-gamma heating of the subscripted node as used in the
nuclear heating calculations

RCMIN Tn minimum RC product
RIFIX The 1/R sum for the fixed conductors
TABLE The location within the tables where a particular functional

relationship is described

TBASE - The temperature of node NBASE at which reactivity feedback to
the reactor is zero

TFTAG A flag set to 1 after the first pass through Section TRA of
subroutine TRCIN; if all the capacitors are non-zero, the flag
remains set and the second pass through TRA is skipped

TPREV The temperature of the node used in the latent heat calculations
on the previous iteration

TSAVE The temperature of the subscripted node on the previous iteration
as used in the determination of the attainment of steady state

WCPDT The current value of wcpdt for the subscripted table

ADTIME The time to which T2ME is advanced after a steady state condition
has been reached

CFLUID The capacitance of the subscripted following fluid flow node

CS¢LID That portion of a following fast fluid flow node which is due

to the surrounding walls
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Variable

DBWAIT

DETKDB
DELTAT
DELTDB
FULTIM
INNGDE

TIRCVAR

JOINMX

JTABLE

KERRI1O,
KERR11l, and
KERR12

KFOLOW

KKTABL

KPUNCH

KTABLE

KTHMAX

Description

The minimum time after the movement of the dead-band feedback
controller before the controller can be moved again in the
nuclear heating calculations

The reactivity change which occurs on each movement of the
dead-band controller

The time step used in the current iteration

The dead-band within which a temperature change is permitted
without causing activation of the dead-band controller (the
limit is +DELTDB)

The time at which one of the fluid flow nodes becomes filled and
calculations on the node commence

One of the inlet node numbers which flows into a common node to
be averaged in subroutine TAVG

A serles of flags to denote those nodes which have either a
variable capacitance or are tied to a variable capacitor; these
are denoted by making TRCVAR of the node equal to the node
numbers; Function 12 nodes are the negative of the node number

A counter to indicate the number of pleces of data in Function 11

The table number in which the WCp versus time for one of the
leading nodes for the fluid flow averaging calculations is described

A flag set to denote an instability in subroutines FLOW or TAVG;
the flag is set after detection on one pass through the subroutine
and calculations are stopped for detection on a second successive
iteration; instability indicates an error in Functions 10, 11, or
12

The number of the following node as calculated in the consecutive
node input section of Function 10

The identification of the table in which the Wep versus time

information is stored for use during the fast fluid flow
calculations

A flag read in on the "TITLE" card; if set to 1, the program punches
the temperature-capacitance cards at the completion of the run

The identification of the table in which the Wep Versus time
information is stored for use during the fluid flow calculations

A counter to indicate the number of pieces of data in Function 10
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Variable

KTHNEW

LASTPR
ILFOLOW
LLTABL
LTABLE

MAXNOR

MININT

NDEADB

NEWNOD
NODCLC

NODVAR

NUNODE

NUTIME
POWFAC

PRTIME

PRUNT2

SIGNAL

Description

The node number of the following node used in the fluld calculations

A counter which indicates the number of printed outputs requested
since the last time the print frequency changed

The number of the following node as calculated in the consecutive
node input section of Function 12

The table number where the wcp versus time information, for the node
referred to in the Function 12 input, 1s stored

The table number where the wep versus time information, for the node
referred to in the Function 10 input, is stored :

The maximum conductor number used in the problem

A flag set to 1 if the time interval is less than the minimum
specified as problem constant 10 of Function 9

The node number on which the dead-band controller action is based

The number of the following node in the first card of the consecutive
node input section of Functions 10 and 12

A reference area where the number of time intervals since the last
temperature calculation, for each of the nodes, is stored

A flag which is set if any capacitors or conductors are variable

The junction node number into which two or more fluld nodes flow
in subroutine TAVG

A flag which is set to the number of steady state cycles the problem
will handle; when the number is exceeded the time is set past the
problem completion time so that calculations stop

The power factor of the subscripted node to indicate the fraction
of Q0 from the nuclear heating calculations being generated in
that node

The time at which the next printed output will occur

The storage area containing K-, T-, C-, or Q-, depending on whether
the printed output is a conductance, temperature, capacitance, or
heat flow

A logical record tested at various locations in the program to

determine if a fatal error has occurred and the run should be
aborted
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Variable Description

TDEADB The temperature upon which the dead-band controller action is based

TIMMAX The maximum time specified in Constant 2 of the Function 9 input
during which the time interval 1s determined

NIV
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